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I, Georp D. Geotsalitis do hereby declare as follows:

1. This testimoay is beiDa provided solely for the purpose of being used in conjunction with
ArrayComm'5 peadina FCC filiag, and in no other instance.

2. I am currently Manager of PCS Standards for the United States Cellular Corporation. and
have currently held my positioo for four (4) moaubs.

3. I have more than 22 years ofexperieDce in die daip aad dewlopmea.t of
telecommunications systems. Previous positioas iDelude the followiDa:

Assistant DirecrDr. SCIadards. Ameritecb Cellular
ManlIer, 1DsuueticalDeYelopme BeIlcore
Manager, Transmillioa~ IUiDois Bell
Manager. Tec1uUca1 Planaina. IlliDois Bell

4. In my current positiOll, I am respoasible for paRicipttion in me dewlopmea.t ofstlDdards for
PCS.

S. In my capICity • 'barPCS S""". I law fbIIy rfti&wed die dIeontic:al aad
practical buies ofAml)'Comm's SDMA tedIaoIoIY at wian-.f a field dImaastIatioD
tbenof.

6. On the bais ofmy..mew ofdle~ Ii.......... fiat....~ it is my expert
opinioo the ArrayCona's SDMA is teeIIricN~ feui..at"III hi. a truJy iaDovaIive
approId1 to iDcreIIiII.,.:ttal eme-cy.~ofSDMA 1ICbDola&Y will substanriaJIy
reduce me .....ofAN n ~ (ItF) power (CMI' c:uJma 1ecIPDaIaIieI) nquind, per liDk, to
escablish rwtiIbIe~ _ ~ tIWWD'sricla tn.1Ihd dilectiaaal
trIIISInissioB by...a IDd will allow ndI:ipIe winIIIss to sbart die... spectrum
in tile same c:eU. 1111 b hldeloMr power bile...RF aaasmissioas.
aad a subslllltialiDa••• ia.,...au eme-cy. In" COAIIIC alPCS. cIepIoymd ofSDMA
teebDolOfy wiD e8Icieat ute ofavailtble specaum far all~ providers. in
additioa. to~ oftbe OFS coexisteDce issues by subsraatia11y reduciDg
contemplated exc1usica DIeS.

Under peaalty ofpeljury. the followiDa is true aDd correct to the best ofmy kDowledae.

USC...... Corpo....

~:1i~~~
Date March 28. 1994



AFFIDAVIT

I, Dennis M. Rucker do hereby declare as follows:

1. This testimony is being provided solely for the purpose of being used in conjunction with
ArrayComm's pending FCC tiliDg, and in no other instance.

2. I am currently Director of Enaineerina for the United States Cellular Corporation. and have
currently held my position for nine (9) JDODtbs.

3. I am a duly qualified ......., whole qua1ificaticlII are a matter of record before the Federal
Communieatioas Commission. I bold the followiDl depees:

aSEE, Purdue, 1972

I have more thaD 22 years ofexperieDce in the deIip aDd deveIopmeat of
telecommunications systems. Previous positions include the foUowiDg:

Senior Director, Science ~ TecbnolOlY, Ameritech ceOuJar

4. In my cum:at position, I am respoasibJe for supeMsiDa the desip IDd iDJtalJation ofceUular
telecommunicarioas networks OIl a aatioawide basis.

S. In my capICity u Director ofEnai"'" I haw 6&IIy reviewed tba dIeonlticaJ aDd
pl'lCtical buies ofAtrayComm's SDMA teehdaIY aDd wieDel. ~ a video taped
demoastratioa thereot: aDd will be participatiDa ill a field demoastraDoa.

6. On the basis ofmy review ofthe releYult licIrIae aad first..... obRmItioas, it is my expert
opiDioD the ArrayComm's- SOMA is teeiIaicaI.Iy CelltibJe IDd AlpfU cs a truly illDaYative
appCOlCh to~ spectral eftlcieacy. Deploy..- oCSOMA 1lICiIDoIoIY will subsIIatiaUy
reduce the IIIIClUIIt ofM·... (RF) power (CMlI'~......) required, per IiDk, to
establish reliableCOiI.~ tbrouIb dinlccioIIIl uan..iaiGe ian aad direcCioaal
traIIIIIIissioll by bile ..., ad will allow nadtipIe wireIea ... to sbIR the 1liiie spectrum
in the same cell. The..fits iDdude lower power ...... aDd bale saaioa RF traDlmissioas,
and a substantial iDcr.1IC ill spectral efticieacy. III the CODIext ofPeS, deploymmlt ofSOMA
teebDolosY will faa...mare e81eieat use ofavailable spectrum for all service providers, in
additioll, to aJleviatiDI some of the OFS coexisteDce issues by substaDtially reduciag
coatemplated exclusion ZODeS.

Under peaalty ofperjury. the followiDg is true and correct to the best ofmy knowledge.

US CeU"'ar CorporatioD

Title Din;qor ofEnaiwriw
Date March 28. 1994

"



Exhibit 2



SOMA-ENHANCED PCS CELL-SITE ECONOMICS
Cost Per Voice Channel Estimation

IcMGtIo 1 1clMafo2 ~3
eel ConIgura1ion

No. of hquIncy cNmeIIIceII 1 .. 8
No......~ 7 8 8
SpIIIiIII ClIIfIMIlY..........,.,.,. IIclt 3 3 4
No. of wiele cNnntWoell 21 II 256
......r~GhMrIaI 0.04 0.03 0.03

SOMA Pn:l aUI~ PaRr AIqulrar/IIIntI
AMInna,.. ralo 0.3 0.3 0."
No. of..... 10 10 10
[)II , ;a d I • 'aaaIhquanoy 10 10 10
~ ...........nay 0.07 0.07 0.01
OF "'unli..... (MIapa) 20 20 20
No. OF pronII lift; raqund 1 2 3
'ftclIDr _ .... (MIapa) 5 5 5
No. of..-ctIipa 1 3 7

....AnlpIIIar...........,.. . )

......... .,..,. Daaign
A,.. EAPNaloa channel (wdI) 7 6 6
AnIanna ..,...... «<8) 9 9 9
AnIllnM cabl3lfOCM.lpllng '- ce-> 3 3 3

PaRr00I1**"~'"<-) 2 2 2.....--- ........ .- 1.71 ....
1 • _lip' uian fit pcMaI (wda) 119.15 HOoM tW19.02

SOMA........ wi PA L.-..ay
TotIIpawlfJllDlod .............. 0.1 0.1 0.1
~............ 0.01 0.01 0.01

PA Oornp aI•• pcIIlIlIad1dB 00I11pi..... pt,.,., (dB) ·5 .. ·10

AaquiMd PA power"""'"
c.m.......,...,c-. UI ,.., 4.GI
1 dB CllIIIlPl'aaalil pt~ (wda) 1.19 9.51 tW.19

CompaI.m CoaII (Iwga wIuma)
Ant3nna .........

Up CClIWftlr • • •Power.... "'0 • 130
DcMn oonvarter • • •DIgiIur SIIlO SlOG 1200
Antenna tlIO tlIO tlIO
TOTAL - .,0 t820

OF pi au.tar chip - - -DigIIIl ........ • • •V.,., mulIIpItr chip • sao •DIgiIoII ...... Dr.. • • •..........~lIIltOGlt
AnIImI.,.egm 25K ~ 25K
OFPfODn'arbaMla 1~ 1~ 1~

DigiIIII'IClI~""'baMIa 1~ 1~ 1~

TOTAL SYSTEM COST

~"'~lIm 17.500 17,750 ••000
OF Illl:ll,-m .,000 -.000 • .000
DlgiIII~ a&tIIyttlm ....400 ,'7.1OG .,200
Digl1II/....ruttw~ ".100 17,200 "'9,200

TOTAL .....700 $11,550 171,400

COlTP.VOICE~ $711 .. ..



SDMA-ENHANCED pes ECONOMICS
Overall Base Station Relative Costs

(Neglecting Recurring Costs)

SOMA System Parameters
Number of amenn.
Spatial capacity increase factor

Coverage .,. Inc... factor
Coverage radius incr_ factor
Power loss (1/RA3.85) (dB)

SOMA proceeaing gain
Antenna array gain (dB)
Interference reduction (dB)
TOTAL SOMA Receiver Gain (dB)

Net UplInk SINH Improvement (dB]

RF Hardware Related Costs
Estimated Conventional CeIl-SIte Cost ($)
Additional Infrastructure Co8tISIte ($)
Conventional Base Station RF Coats ($)
COnventioN' .....Ion co.t Multlp.....
Total cost per Conventional sue Station ($)

SOMA Additional Cost ($)
SOMA related infrastructure coet8I8ite ($)
Total SOMA Additional CostIISite ($)

Ave.... 1'10. conventional _ by SDIIA
FI1ICUon of convel1tloMl willi SOMA

SDMA Overall Base Station Relative Cost

Scenario 3A
10

4

4
2.00

-12.00

10.00
10.00
20.00

8.00

$135000.00
S35OOO.oo

$170000.00
4

$680000.00

$71400.00
$40000.00

$111400.00

3
25.00%

29.10%

SCenario 38
10

4

6.5
2.55

-15.00

10.00
5.00

15.00

0.00

$135000.00
$35000.00

$170000.00
4

$680000.00

$71400.00
$40000.00

$111400.00

5.5
15.38%

17.90%

scenario 3A: Quality improvement (fixed capacity)
Scenario 3B: Infrastructure complexity reduction (fixed Quality)
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ArrayComm's Bro.db.nd pes Power Limits Proposal

°CA-TE- ... 143

Broadband pes
Rldlo Frequency Em issions Propo.al

Revision 1.4.3

R. Roy, M. Goldburg

ArrayComm, Inc.

e May 1994

TEL: (408) 882-8080 FAX: (408) 812-8012

email: dlckOarraycomm.com

1. Introduction

This document propoees rules for limiting the radio frequency (RF) emissions of broad
band PCS hue !tcstiona aud mobile unit.. In the Federal ConuIlumcatioDlJ ConuniISioIl'S·
(FCC) Second &port and Order 93-·151 relea8ed 22 October 1993, a bue station peak power
(EIRP) of 100 W per chanDel and a mobile (handheld) umt peak EIRP of 2 W were adopted.!
The stat.emeIlt Wall allO made that the intent of the rules Wall to promote Uwov&tion through
flexibility (cf. 93-451, section 137, page .56). The changes propoeed herein reflect this senti
ment. Rather than defining limits on a per carrierjchaDIlel buill which a1locatetl more power
per bertz to narrower bandwidth channels, aU bandwidth8 are trea.ted equally by allocating
power on a per hertz basis. ThOse with more bandwidth get more power. Subject to the con
~tra.int that the maximum po8sible RF expoIUle under worst po_hIe oonditioDll be less than
currently accepted guidelines, and under the premise that all spectrum should be treat.ed
equally in terms of information carrying potential, maximum ftexibility is aft'orded by these
propoeted limits to anow (or a more cost effective roll-out and more timely deployment of
pes systems.

There is no intent in this document to repeat the cogent argument8 made in the numeroU!l
petitions for increued hue station power limits including thOle of YeI, Telocator (PCIA),
~orthernTelecom, APC~ Ameritech. Motorola, Pacific Bell, U.S. West, and others. Therein,
substantial justification for increasing base station powers by over an order of magnitude
are PreeeJlted. Succillct arguments concerning technical aspects (balancing of the forward
and reverse Jiolm for primary voice servk.e), reduced interference to other fixed services
(microwave WM!Il'B), and the substantial ecoDOmiC benefits from higher base ~t&tiOI1 powers
lU'e presented. Fllrthennore: subetantive arguments are presented for the introduction of a
higher power mobile unit daIS which we lIUPPort as well.

-The weqlliti_ arMnc from MttUac limit.! in tuma ofa variable qu&Dtity, the ehaAael or curicsr band
width, are clear; DU'l'OW bandwidth chlUUl4!lla being aublt&Dtially raveled over apread..pectrwn tecb.u.ology.
FwothlU'more, RF erru-iODll iD U~ of the accepted UpOInlN guidelin. are allowed under the CUlleD!.
plOp<l8ed ruJa.

1
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ArrayComm 's Broadband pes Power Limits Proposal

SECTION 2 PREliMINARiES PCiA TE ..,1.43

That increase<J base station transmit power is actually necessary for pes to compete

with cellular service was elegantly stated and subetantively supported by Telocator, \'orth
ern Telecom and Mel ill their filillg~. Northern also commissioned MLJ to uo a study of
microwave interference which concluded that higher power limits could actually reduce the

interference problem (by giving increased flexibility in site location), and tha.t new advaJlced

antenna technologies were b~omin~ available that could even further redu~ the interference
problem through intelligent signal processing. ArrayComm has built and lfucccssfully t.ested
a prot.otype of just Ituch a system. Furthermore. thelle intelligent anteJWa !l,Y!ltems actually
lead to reduced RF exposure to the public through directive transmission to and directive
reception from mobile units, allowing mobile unitll to operate at substantia.1ly lower powers
011 average iu InOllt applicatioWl.

These arguments are so compelling that it. is hard to imagine higher bue station powers
will not be allowed. It is the intellt of this document to propOl5e slight alterations to cur
rently accepted definitions of pa.rameters for di8cuII8ing power limits. and to propose some
appropriate limits baaed thereon. The new definitions facilitate the drafting of rules which
manifestlyeusure public wety while simultaneoualy treating operators equally (in propor
tion t.o their allocated bandwidth). independent of modulation format. The fundamental
principle is that RF exposure guidelines (d. IEEE C95.1-1991) should determine maximum
base station and mobile power limitll (ef. 93-451, Section 99.52). otherwille, subject to
noninterference criteria with primary users of the band, operators a.re given an even playing
Held upon which to design their SY!lteIIUI ",;th ma.ximum flexibility. While not specifically
requiring the use of intelligent antenna systems. it is believed that the proposed rules in
conjunction with relevant economic analyses will encourage widespread deployment of such
systems.

Iu summary, the rules propoeed herein guarantee maximum RF expoeure at or below the
safe limits set by the ANSI/IEEE guideline8. This is not true of the currently proposed rules
(cr. FCC 93-451) WIder which trlWlUlit powen substantially in excess of thoee deemed safe
are allowed. In mORt practical situations, maximum RF exposure will be less thlUl 1% of the
guidelines if the rulel propalled herein are adopt.ed.

2. Preliminaries

The intrin8ic value of RF spectrum is its infonnation-carrying capacity. n.is capacity
is a function of the power used for signal tranmUs8ion, the occupied bandwidth, and the
diatribution of noise power in the band. To ensure that allliceneed bandwidtha are accorded
equitable treatment regardless of chaaen modulation fonnat while simultaneously promoting
l!Ipectrai efficiency, ru1ell governing limita.tioulS on traDlIIlitted power mould be expressed in
units of power per unit b&ndwidth. Power limite for a given allocated bandwidth are obtained
by lJimply multiplying by t.he allocated bandwidth. Thus, independent of modulation format,
au operator allocated 20 MHz of ,pectrum hu an aggregate power limit twice (and therefore

2
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ArrayComm's Broadband pes Power limits Proposal

SECTION 3. DEFiN!TIONS PGA-TE·v1.4. 3

twice the iufonnation carrying capacity) that of 411 operator with a 10 ~fHz allocation.
Subject to temporal and spatial p~ak limitatioIlIl, the operator l:an distrihute this power ~o

as to maximize efficiency throughout his network.
To eIlsurepublic safety, the RF emiilsions from each bue ~tation in a given area must be

limited in terma of long-term averages over space and time, short-term bursts in time, and

concentrations in space (using directive antennas), currently in accordance with IEEE C95.1
1991. These limitlf :ibould be set in accordance with worst. cue condit.iolls, i.e., aliswning
that if directive antenn&l are employed, all users are in the same location at the same time
90 that each receives the cwnulative field strengths oC all base station transmiasions ali iii
the cue for omni-directional antenna systems. These considerations naturally lead to the
necessity for limitations on the peak directional power per unit bandwidt.h. \\llile use of
intelligent antenna systeIIl8 is not required, antenna sY15terns that call direct power toward
users reduce RF exposure to the public compared to current omnidirectional transmission
l:lystem8 by the amount of power gain of the intelligent antenna system &dSWning a uniform
long-term average angular distribution of uaers.

The issue of int.erference with other in-band users is beyond the scope of this document.
However, any rules developed regarding this ill8ue will overlay thoee developed for public
safety and cooperation at the boundaries of service &reas. Since any operational &ylltem
must meet all of the limitations impolled, operaton can meet these specifications by loweri~

their base ~tation and mobile trammit powers thereby incre~l!in8 the size of the exclusion
zone, or by employing intelligent antennas to eDlUl'e noninterference and smaller exclusion
l.ones. The major effect of increasing baae station peak directional average radiated power
(see definition below) is to increase the coordination radii within which pes operators must
take into account all other user~ of the band.

3. Definitions

The following definitions are proposed:

ContilUoUI Service Area (CSA): the contipOUl geographic area in which &11 operator

is licensed to Ule allocated frequency bandl for bro8dband pes bue station enu:smns.

Bue Station (BS): & collection of BST's and BSA's (see below). This definition will
coincide with the conventional definition of a base station with the exception of those
cues where the operator choozte8 to operate physically dilltant power amplifiers in a
phase coherent fashion.

Pbue Coherent Tran.mitten: tr&DInJut.ten whole RF canien are phue-locked 808 if
they were deriving their local 08cillators from the same 9Ource. Such systems are capa
ble of directing more power into smaller sectors than the lIum of individual transmitter

3
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ArrayComm 's Broadband pes Power limits P raposai

SECTION 3 OEi='iNIT:ONS PC A T: 1/1 4 3

output powers. Kote that time-synchronous transmiuion 9ystcms which tra.nsmit si

multaneously from multiple BSA '9 at differcnt BS's ar,~ not necessarily phase coherent

since different local oscillators Ca.ll be employed at each BS.

Base Station _Tran.mitter (BST): one or more RF power amplifiers that op~rate in over

lapping frequency bands in a phaae coherent falilhion within a eSA.

Base Station Transmitter Average Power (BSTAP): the average RF power produced
by a BST over any specified period in unitlil of watts (W). In particular, BSrAP(30) U!
mea.~ured over a 30 minute averaging period. BSTAP(O) is meuured over any period
of continuous transmission and is the average RF power produced in that interval.
Intended for burst mode tranllIIlUlsion. BSTAP(O) is fileaeured over the burst int~rval

and is the average radiated powcr in that interval.

Sue Station Antenna (BSA): the combination of all radiating elements connected to a
particular BST, BSA's, or portions thereof, may be common to multiple BST's through
the Ulte of power combinel'! or similar devices.

Allocated Frequency Band (AFB): the combined width ol the Jicensee'sbroadband PCS
frequency a.llocations within a CSA. The units of AFB are hert.z (H~).

Average Radiated Power (ARP): the avera.ge hue station radiated power in the AFB
over any specified period in UDits of watt. (W). In particular, ARP(30j is measured
over 30 mwute averaging periods. ARP(O) is me8.lured over any period of COIltinUOUS

transmission and is the average radiated power in that interval. Intended for burst

mode transmission, ARP(O) is measured over the burst interval and is the a.verage
radiated power in tllat interval. ARP is meuured as tht: swn of the powen delivered
t.o the BSA's from aJI BST'A measured at the BSA connecta1'8.

Average Radiated Power Spectral Dea..ity (ARPSD): ARP divided by the AFB in
units of watts per hertz (W1Hz). ARPSD(30) is ARP(30) divided by AFB. ARPSD(O)
i8 ARP(O) divided by AFB.

Peak Directional Aver.,e Radiated Power (PDARP): the maximum over all direc
tions of the average power radiated in the AFB by aJI BSA's at a BS in units of watts
(W). PDARP(30) is meuured over a 30 mWute interval. PDARP(O) ill meaaurecl over

&Dy period of continUOUI traJl8IIli.sion and is the average direct.ional radiated power
in that interval. Intended for burllt mode transmi&iion, PDARP(O) is meuured over
the burst interval and is the pea.k direct.ional avera~ radiated power in that interval.
PDARP can be calculated by first determining the gain of the BSA (with respect to

a.n ideal omnidirectional ant.enna) cOrre8pODding to each BST for all values of azimuth

a.nd elevation l~.B. lor the purpole8 of this cal<.:ulation, if a BSA ill shared by multiple
BST's, each SST ill treated as though it had an independent identical copy of the BSA).
~ext, the gain pattern for each BSA is mu1tiph~ by the BSTAP for itl correspondill~

4
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ArrayComm's Broadband pes Power limits Proposal

SECTION •. PROPOSEJ POWER LIMITATIONS

BST, yielding radiated power as a fWlct.ioJl of direction in units of watt~. PDARP i~

the maximum over all azimuth and elevation \'alues of the sum at the::te power patLernli.

PDARP ma.y be measured by use of a (RF) power meter and a. probe antenna. although

it will only be accurate for line-or-sight unobst.ructed paths. Measuring the power ill
the AFB and dividing by the measurement antenna's effective area yields a mea.CJured
power per unit area. ~[ultiplyiug this by the square of the distance from the BSA ~ves

the radiation intew.ity in power per st.eradian.! Multiplying the radia.t.ion inteulJity by
4:r yield:'! t,hc mea.sured PDARP.

Peak Directional Average Radiated Power Spectral Denlity (PDARPSD):
PDARP divided by the AFB in units of watt8 per hertz (W/H4'.). PDARPSD(30) is
PDARP(30) divided by AFB. PDARPSD(O) is PDARP(O) divided by AFB.

Sublcriber Radio Equipment (SRE): SHE i8 the ramo equipment used by a pes sub
:'lcriber to communicate with one or more BS's.

Sublcriber PDARP (SPDARP): t.he maximwn over all directions of the average RF
power ra.d:iated by an SRE in units of watts (W). SPDARP(2) i8 measured over a 2"
minute interval. Intended Cor burst mude transmission, SPDARP(O) ill meuured. over
the burst interval and is the peak directional average radiated power in that interval.

Yinimum Sale Distance (MSD): The minimum safe dilltauce between a penon and a
BS/BSA/BST as detennined from the criteria set forth in IEEE C95.I-1991 which is
& function of PDARP(30).

4. Proposed Broadband PCS Transmitter Power Limitations

4.1 Peak Directional Averase Radiated Power Spectral Density Limit.

Due station Peak Directional Avera~RadiAted Power Spectral Density PDARPSD(30)
shall be limited as a function of BSA bei!ht above gound (HAG) according to the following
Cannula:

PDARPSD(30) in (mvV/Hz) = {~;.~~~IAFB
tat4J

; ~;~: :::~

where

h = antenna ~ight a.bove ground in meters,

A lIteradian ia the dimenaiont- unit. of IOlid angle which ia one radi&n on a. aide.

5
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ArrayComm's Broadband pes Power limits Proposal

SECTION 4, PROPOSED POWER LIMiTATIONS

5 =1(0.15: AKSI exposure limit in rnW/m'J,

f = 1950: center frequency in MHz.

AFBta'!J~ = 120 .\fRz; the totaJ pes allocation,

P8'A-TE-l/l 4. 3

and PDARPSD(O) shall be limited to 10 times PDARPSD(30), The following table is oh
ta.ined directly from the formula:

Antenna. HAC ~(a.ximum PDARPSD(30) Maximum PDARPSD(O) I

(m) (mW/Hz) (mWjHz)

10 0.14 1.4

20 0..>4 I 5.4
50 3.40

i
34.0

>100 13.60 136.0

4.2 Averase Radiated Power Spectral Denlity Limit.

Bue station Average Radiated Power Spectral Density ARPSD(30) 9hall be limited aa a
function of BSA HAG according to t.he Collowing Cormula:

ARPSD(30) in (mW1Hz) = {~~~:SD(30)/lOOi : ~ ~~ :~~:

and ARPSD(O) shall be limited to 10 times ARPSD(30). The following table is obtained
directly from the Connula:

Antenna HAG Maximum ARPSD(30) Maximum ARPSD(O)
(m) (mW/Hz) (mW/H:l)
~ 10 0.0014 0.014

20 0.0054 0.054
50 0.0340 0.340

~lOO 0.1360 1.360

4.3 Field Strmph Limit.

The predicted or meuured median field strengt.h at any location on the border oC the
pes !e1'vice area mall Dot exceed 47 dBuV1m WI_ the partiel agree to a higher field
8tren~h (cf. Section 99.232. Appendix A, Second Report and Order).

4.4 Interference Protection

~o cbangel to the interference protection role given in Section 99.232. Appendix A,
Second Report and Order as amended are recommended at thi. time.

6
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ArrayComm 's Broadband pes Power Limits Proposal

SECTION 5 D,SCUSSION

4.5 Mobile Power Limits

PC'ATE 1/14. 3

Handheld mobile unit powers shall not excred 2 \V SPDARP(O). A second class of mobile
unit is pennitted which llubject to a minimuo distance of 0,8 meters from user to autenna,
is subject to &-12 \V SPDARP(2) limitation, and a 120 W SPDARP(Il) limit.ation. ~ote

that the minimum safe distance at. 2 GHz for a 120 W transmitter is 0.8 neters assuming it
is ·'uncontrolled".

5. Discussion

:;.1 Safety Considerations

The power limits were derived from calculations of ANSI standard RF exposure limits all

a function of frequency uncontrolled environments. The following assumptions were made:

1. the entire 120 MHz band il!I act.ive at maximum power,

2. the antenna height above ground (HAG) is equal to the minimum boresight approach
dilltlWce, and

3. safe peak (or buI'8t. mode) powers (!lee dis<:u!lSion on peak power below) are DO less
than 10 times the Ions-term average power limit8 in uncontrolled environ ments.

With these usumptions, power limits for baae st.ation traDllmilsiOlll are calculated directly
from the RF exposure guidelines in IEEE C95.1-1991 and Appendix E: Compliance with
A!\SI/IEEE RF Guidelines, ~CC 93-451, Se<;ond Report and Order. The power llinits are
then converted to units or W/Hz by dividing by the total frequency a.llocation of 120 ~O(Hz.

The first assumption is directed toward worst cue analysis since it requires all (!even
(7)) operators to operate from the same location, and have all their channel! simultaneously
active ;;,in the same direction" at maximum power. Note that if omnidirectional or low-gain
antennas are utted, then the limitation on total average ra.diatedpower (ARP(30)) will limit
the wont case expollUle even further. 1 ~ote that while the peak directive power in the
absolute worst cue is given by the safe exposure limit, the total average radiated power
is a factor of 100 smaller (at lealt) than this. Pract.ically, however, t.his power is largely
concentrated in the horizontal dimension for cellular lIystelI18. Statistically, therefore, this
m....ans that the maximum average exposure over random uller distributions is ARP(30) which
for antenna heights greater than 10 meters il!Iles. than 1/10 of the safe exposure limits. In
~ummar.v, in the worst ponible cue, tnAJCimum RF expolUre below or at the safe limits
set by the A:SSI/IEEE guidelines is guaranteed. In molt practical situations, average RF
exposure will be less than 10% of the safe limits (for higher antenna base statiQDIiI) when the

:If the a.ntenna-ga.in G i6 1_ than 100, then the WONt. cue PDARP will be G/1oo tim. the allowable
limit for antenn. above 10 met.en height. A 10 dB horiaontal omni monopole antenna will only be allowed
to traDfmit 1/10 the PDARP(30) limit.
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balM! station is fully loa.ded. Using a daily loading factor of 30%, and a reuse factor of at
leallt 3, the average exposure droptl to less than 1%of the guidelines.

With r~gard to the second a.ssumption, il) situations where boresight minimum a.pproach
distances lesll than the antenna HAG are possible, the power limits should be adjusted
accordingly. Ftrrthennore, relief from the height limitations ~hould be considered in situation!!

where substantially larger boresight minimum approach distances can be guaranteed. ,\s a
practical matter, boresi~t minimum approach distances less than the typical height of an
ant,enna above the surrounding terrain will be unattainable by the public (even to within
a factor of 2 or 3 ill distance). The li~rits proposed for PDARPSD(JO) are therefore quite
conservative in light of the guidelille9.

5.2 PDARP and Emp

In essence, PDARP is obtained by divorcing the concept of channel bandwidth from the
more conventional concept of EIRP. For a single-sector system employing BSA III with stAtic
gAin patterns, PDARP is simply the sum of the per-channel EIRP's. In systems employing
BSA's with dynamic gain pAtternlil PDARP's will depend on u.!I' densitiet, exclusion zones
and other parameters. The use of multiple trAD8mitting elements per channel is relatively
new, although it 1::1 employed in the GSM sylltem. of !leveral IIlAJlufacturen.

~ote alao that under the current rules where pea.k EIRP's of 100 W per channel are
allowed, it is possible, employing 5 kHz channels in a 30 MHz allocation, to transmit 600 kW
EIRP over the entire band. Furthennore, the allowed power i. invenely proportional to the
channel bandwidth, thus allowing tr&lUlmit powers well in excess of the A~SI/TEEE safe

limit. On the other hand, the rules propated herein limit the total exposure to the safe limit
which in t.his case is 408 k\V at the maximum antenna height (minimUJIl boremght a.pproach
distance). ~ote that under the current propoaed rules, the 600 kW PDARP i8 allowed for all
antenna heights below 300 metenJ, including those at 10 meters! Under the proposed rules.
autennal!l at 10 meters would be limited to 4 kW PDARP.

5.3 ARP, PDARP, AntenDa Gain and Peak Power

The concepts of ARP and PDARP are similar u mentioned earlier to total radiated

power and EIRP respectively. In particular, for a fixed-gain antenna, PDARPIARP is the
peak antenna gain in dBt The omnidirectional refereucc iii a consequence of defining ARP
as nondirectional, i.e., with reepect to an omnidiredionaJ antenna. The ra.tio of the limits
of these quantities "ariel from 1 to 100 u the antennA height increlUeS. For low antenna
heights, the probabilit,y of incidental physical contact is greater, so peak directional power
ill ultimately reduced to 1 timee the Average. For BSA's at greater heighb! gaind of 100 (or
2OdB) are used. The choice of 20 dB was made on practical teclmical and e(".onomic ba,8esj
antf!tlna.s with gains approaching 20 dB can be purchued and operated at reasonable cost.

The definition of ARP((}) is intended to address the time-domain analog of spatial fo
cusing. that of temporal focusing. In systems employing bunt mode (on-off) transmission,

8
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long-term average can power differ from l5l1ort-term or peak power by the ratio of the burst
duration to the interval between bursts, i.e., the ratio of on-time to ou-time plus off-time.
The limit on ARP(O) det.ennin('~ the allowable concentration of power in the time domain
without loss of infonnatiou carrying capacity, i.e., at constant long-term average power. The
factor of 10 dB between ARP(O) and ARP(30) sets the lossIess concentration factor to 10,
i.e.. 10% duty cycle, so that 10 times the long-term average power is allowed. but only 10%
of the time. Thi~ factor of 10 in power impliel5 that peak (lihort-term avera~e, field strengths
3 times larger than the long-term average field strengths are allowed. ~ote that the long
term average power ill unchanged. Thi! peak-to-average (or l5hort-term-to-Iollg-terrn average)
power ratio could be modified 00 be consistent with RF exposure limits presumably derived

from experimental da.ta as they become available.

5.4 Sample pes Calculations

For 30 ~[nz pes allocationll~ the maximumARPSD(30) for antenna heights of 50 meters
corresponds to a 1.0 kilowatt (kW) limit on the power radiated by a base stahOD. For
example, assuming an antenna wit.h 22 dBi gain (G=l60), this 1.0 kW would support 100
1.6 kW EIRP carriers.:I However, the PDARPSD(30) limit correIIponda to a hue station
peak directional a.verage radiated power limit of 100 kW. This accommodates only 62 1.6 kW
EIRP carriers. which is therefore the limit in this cue.

~ote that this calcula.tion is entirely chUlIlel bandwidth independent aod therefore applies
to any air interface. For example. there are 75 200 kHz paired channels in a. 30 MHz
allocation. If all channels carry 8 traffic channell such as PCS-l900, an omni ceJJ with a
20 dBi gain antenna. a.t leallt 54 meters (1.2 kW ARP(30) limit) above ground could handle
600 simultaneous link... at 1.6 kW IX'.ak EtRP each. The average EIRP per traffic channel is

1600/8 = 200 \V.
There are allO 6 5 ?fH:l channell in the 30 MHz allocation, which will handle approxi

mately 200 simultaneoul!llink! if each channel carries 32 time-division duplex traffic channels.
For aD omni cell with a 20 dBi gain antenna at leaat 54 meters (1.2 kW ARP(30) limit) above
ground, and aiillllIIuDg & 50% tranmt duty cycle to achieve full-duplex operation, all traffic
channels could transmit 40 kW peak EtRP each (120 kW PDARP / 6 channels / 50% duty
cycle). In thill cue the aver. Emp per traffic channel ill 40/64 = 600 W.

As a final example, there are 12 1.25 MHz paired channels in a 30 MHz allocat.ion. If all
channels ca.rry 64 traffic ch&DDe1s (neglecting control channell) such as 19-95 CDMA-hued
lty1It.ema, an omni cell with a 20 dBi gain antenDa at le8llt 54 meters above ~OW1d could
handle 768 simuitaneoull linka at 156 W (peak/average) EIRP ea.ch.

In each of these examples, the a.verage power per channel is inveraely related to the
number of channels, and the product is fixed at the maximum allowable (safe) transmit

2:'<lote that tbia lini happenII to be avproximat.eJy baJanced by a 2 W EJR,P mobile unit aMU1'J1in& a
200 kB~ ch&D.bl!l b&Ddwid1.h per carrier and IlOJIlinal valu. tor b...t.auOll receiver diveraity gain and
receiver eenaitiviti.. (d.. the Telacatol' Petitian far fteconmderatian).
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power. Thi~ simplistic discuuion does not take into account frequency reus~. luterfereuce
analysis, RF propagation and related cell ::Iiz~/coverage areas, or any other similar e1fects.
These only serve to decrease the number of channels practically usable at each base station.

5.5 BaIaneea Links

It is also important to note that balanced links are not a requirement for pes operation.
Furthennore, balanced links ~hould neither be impoeed. nor be u!ed as rationale for reducing
base st,ation power limits. There is a demonstrated market (e.g., paging and short-message
ervices) for higher J ata rate o~way lervi<.:e. whidl can benefi t subatantially froUl higher
downlink EIRP'~. Such ijervice should not be precluded while the public is in no danger of
RF exposure in excess of accepted limits.

5.6 Mobile Power Limit.

The commission has adopted a 2 W peale EIRp3 which is retained. It is currently general
practice to have handhelds with continuous transmillion of 1 W EIRP (0.6 \V trawunit
ter into a 2 dBi dipole antenna) as in the A~PS system today. Reflecting the increased
RF transmission 1088 at 2 GHz, a 2 W limit. iIeeIllS t.o be appropriate (from an economic
viewpoi nt).

It should be noted, however, that the abeen(".e of a limit on long-term average power treats
mobile UIIel'! unequally depending upon the particu1&r modulation fonnat. Under thele rules,
an analog F~[ mobile WIer bas 6 times tbe inf~ationcarrying capacity of a ~sJot TDM:\
mobile user in the ~a.me RF bandwidth. To he equitable in this cue, &slot TDMA mobile
users :thould he allowed the same time avera~ power ... analog FM user. A 6-1I10t TDMA
r.'lobile should be all<>wed peak powers 6 times greater than the aver88e ana.log FM power,
assuming that such powers are within yet to be adopted expo8UfC guideline! for handheld
wuts at 2 GHz in controDed eDVironIIleDta. \\'ben such guidelines are adopted, we would
recommend revisiting this issue.

Finally. as indicated above, the minimum safe distance at 2 CHz for a 120 VII' transmitter
is 0.8 meters aswming it. is "uncontrolled". Therefore, in terms of average exposure, even
the new clus of mobile with 12 Vl SPDARP(2) is quite conaervative.

aln term. of tile detlnitiona r.ontained beNin, mobile unit peak £lRP» SPDAIU'(O).
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FOI DlMlJ)UD II' ,lAM

CAUFOMIA CONlOIUUM WINS GOVEaNMENT MATCHING GRANT
TO COMMEaCIALlZ2 COST-SAVING WlR&LESS TECHNOLOG~

s.ta Clara. Cdf. (MIIda 3. 1994).· AconICIrtium ofam. CaIifcnia CCIftPIDiet 11M becD awarded a

ICMlI-ent lllllel3ia1.-c to en. the hiIb .... iaWBlCioal JWCC to CXIIIIIIIRializ. wire&aI
.......dw wiD blip .... penoaal CGIIIa1unaciGIIIlyMIII (PeS) widely available It I COlt equal

to or IO'W thu that 01 PNMat hom. ceMpllOIIt .-vi•.

1'bI ccn...... ArnyComm, IDe., ofSan. car.. W.....J.... COllI"" 01,.~ aDd

Spectriaa. Inc.• fA Mountain View lamed..week (Feb. 24) thIt the rw-e DeplnlJlenc'. Advtaeed
ReIearcb Projectl A.".:y (ARPA) bad IWIIlIed the _teN.pc in .. 'J1.41DiWaa effort to create
"1Dl1I't..amna" teeb8oI." for the a&obal wuw.. earaa1Ulica1iaDl ...... "....iI pMe of ..

JlMlIIIDCDtprotr- to help ....... all. economy and.... ifttndonll compedti..... by

cca~ defeaIe tIc:hM1a&Y to cammercil1 ~.

PeS will aable peapIe to _1IUll wire..ccamulliclria- dIYicet lIlywhln for~.dMa or iDs.
II'lIWIIi iIIcluclial f CCIIIIIM*r-tD-cIIDpu- cannnunicItioaI. The market for
PCS reWed prodUC1l _ • va. iI to reICh DJO biIIicm by .ty ill die next decide. More
dIMl50 GOUDtrieI pJaa to ........ wirelca. ICJcphaae .,..... III 1Iac 111& qua:r rll9M, Ibe Pederll

CommuniCItiCMII C,.-j-iGa iI apecled to lUCtion PCS lieea. ill tbe U.S.• aDd bidlll'e expected from
U. DOC'I.......... til...COII\puliea. IUd cable ......... _ ..atben.

"Ic hal bI8n my en. to _.u.a-~I~ to neryaae."1Iid MInia o.q.. OIirmu aad

CBO 01 ArrayComm. I pioDeer in me pcnanal COIDJIIuaiclaionI iDdud'y ad widely reprdcd u tile

"fa.." ofcellular .lepbaay. "OUr ill....... eleea-ic..nu will briIII-en. CM IMP doIcr co

reality. 1bc ultim;te wiDDcn 0( tile PCS I'ICe wiD be die pJaym wboca COIIHI'6eiaU1e 1ft etftcieaI. cc.c
effective product. Aided by tbi. ,ant. our cedIaolOlY wW .... a vital CGDCributioft CO tbiI eacleavOl'."

-more-



Unda' the..t, the CGIIICIr1ium will dewlop I proeocype that will implement AtrlyComm'• .,._ted
SpltiIJ DivitiOil Mu!tip&e Ace-. (SDMA) rechnoJoiy•• tICImolOlY that CIJI enblnce all of the milo,
and disitaJ .tIUldarda beiDa coDiidered warid-wide.

A NEW CONCEPT IN RADIO SIGNAL PROCtiSSlNO

AITIyCamm" proprietary InIkdIrouIh SOMA IICIaDOlOlY exploi. new CCHICIpCI il2 epatial.ipaJ

P'OCM1inl to crulle directional communication linD. Throup thi. techaoi•••malIltray. of

COQWl\tionIllll1elUlM can be UICd to tr" mobile uMI ad receitJell1Cl1rlllllDii voice. data and pieturcI

more etrldauly.

"'!be .-alt." 80CCJIdinI to Mr, Coaper. "will....0CMt•• ,,.-- c:apmty.aacl~. lAd .

c.... cammwlicationl ..... nil teeb..-.., Iddn•••• problema with exittina.,... audl .. poor

receptioa. CfOII talk, and dlopped call.. Mcnowr. wellllieve thIt SDMA will .... pouible Ihe
muufacture of uuUcr. lip... Ia••coady Mndee.. with 10ftll&' btIaicry lila,"

Mr. Cooper poiIllId out dJaa. "pnWminIry cabllltiGfta f« deploymem tlPeS .yatemI UIiaI thiI
fIlClmolarY iDdiC118 • Iystem COIt-lavinp ~301. or DICR,"

RANOa OF APPLICATIONS

SDMA it compatibJe wittl ...or diPal. cmtiAI or pllnald. w.......,..... ID Idditiall co PCS.

SDMA~ will line IIfPliaIdoM ill: c:ellullr mobile COIIIDluniGl&ianll)". nit wirIIeII mobile
data; PfIi,.1IDd wire........Iic mnllWJ1I; per...adilital • __ caaalllU1licaaimlI,....~

wire.... lGcal Joapt; _ ~Jtd telephme and uteWte COJDIDudicatioISI 'Y'...... 1'hI tllChnololY
aIIo hM poeeadal ia~ IIppJic:ationa like law .-forcemeat lOG iDIellipce.

ArrayComlll will prOYide die .,... architeetln ud 1Gftw... far abe lipal proraMn. ill die project.
SpecIrian wi! proyidI i.....«-the-llt power amplifntiorl teeIInololY, lad WICkinI-JahMOtl'.

CommWlicatioJll P.1ecIraIicI DivisicJn will IIIw a ranae rI t8IPOftIibiliciel. includi.., provilioD of receiver

tIJebnolQIY.
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In itl application. tblcanlGl1ium requelted I S,,,90,OOO ..ant from AltPA., to be malCbId by

$2,250.000 Iran AirayCOIIlm. $1,929,000 by Wlddns-Johnloa.1Dd $1,625.000 by Speccrian. Once

work beIin" the project is to be complerect in 24 manthl.

'1_ eaci_ about chit nrn for two ........ P'ut.. the joiae .ffona of chi tHaI merD...... wilJ lead to a-lib- product wbidl prOlllilll to..mnce wireIea communicationa tecImoIaIY. Pw1ber. t.be proaram
pI'O\'DIlD avenue of con1ribution for !*pie previOUl!y enatPd priJurily ill the development « military

prod1lctl." said Keith Kennedy. Praident and CBO ofWadciM-Johnson Capay.

Tl!CHNOLOGY RBINVBSTMENT PROJBCT

The Tectmo1OIY Remftlflllent Projlcl (TItP) iI pm~ till ClimDIl~ iIIiIiaIM to lDcrMM

AmericIa employment Iftd COIIIpedtiveMII ill «be COIIlft*CW eector by l'tlIpP1,iaI~ Ikilled
maapowll tnd reIOUI'CeI CJriIiMUy in1ended for the militlry. AJ.'PA .in.... die TRP, whicb had •

1554 million budpt in tiIcal year 19941Dd is to hew a $625 mi1liGa b\IdtIt ill filCll yell' 1~.

NBW HIOR-TBCH JOBS IN CALIPOItNJA

eoaun.dDa Oft tbe project. Woody Rea. PreIIideat uct CBO of Spec1riID, uid. "1biI",1JId

caU........ am..aut c........ will brinI fOIItWlipificant expertile 1Dd1CCelln.... teehnolOlY
devclapmelltl necn..ry to ..-.low CGIt PCS arelit)'. WIWe die....... PCS 1lIIIrkctpl_ requilea
many of tbI~.-eIl'"01 today', ~taoa.l cellular. tboy wiIl._ to be lubatanlially

nhnwt aDd retooIId to npport lower COlt architecture ....Iary for IUCCCtIfW deploymtlllt. A rault

will be me caation ofDeW Ilitb-tedl jobI•• key 1011 r4 tile TRP. II

Aa arelU1t ofdUa project, the COIlIOrtium expects to cteIte more tbIII 300 ... jobl in cbe Sill Francisco
Say Ar-. II dewlapuat ,....••••• 1Dd muufacturiq beIW. acconiiaa to Mr. Cooper. ArrayComm

IIpICtI to cIoubIa ill..by die end of 1994.

AtrayComm, IDe.• wu fouDded in 1992 by 1Cieatit_, ....... and JM'tPI from abe
te*-municationl iIIdIllWy to d"GP commereia1lfP1ic1rioa1 f« breIIIdIrouP IIpri.duna in lIfty
Ii&Ml P1ora1iq iftwnlld by Dr. RichM! Roy and co-worken It StaafanS Uniwnky. Dr. Roy ia

Preeideat 01 AtrIyComm. wbich bu 16 emplo,... 1'1Ie COftlJ*ly holda J*eRtI aDd 11M p..." pendiaa
for 1. SDMA teehnoiOlY.
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PoUDded ill 19'7, WdiaI·lohn1cJn Camplfty (NYSB:WJ) ia I diYWIif_ carpontiOl111*i1tjzina in

electraaica produdi, lIaUr:onductar-muufaetwift. equipment lid envirClUMl"I CGIIUltiq ICI'Vicet.

The cam.,.", empl. 2.400 people in fix locaaaat. SUI in 1993 exceeded '216 milliCII. The
comPiftYI CommUDiClCioaa l!IIctroNcl Divilion, Gti....1Kq. MD. specja1i.1 in communicationa
receivioa equipment and bu been I supplier to the DqNrtmeftt ofDel=- ud ia-.ciaaal customers.

SpecNII WII founded ill 1-._dcveJopect • QUlialat parcfolio RP power~ sbnology
primarily OD defeue COfttnetl cIuri."lI the 1910',. Owl .. laIt three yea, the company hII CCl'Dp1eMd 1

ll_itioa CO becGGle I .....aal auppu.r 01 leei..edIe eecbnoIOIY to dII cell,,!.,. ..JecommuU:aliona
iDcluItry. Itl 0IUIbliaa,.,..... provide ultra-liMIt .,.bihti......M')' f«....,.m, pcs 1yI*III.

Laclled ia Mountain Viftl. CA. the company_pl~ 330 people.
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1) I am President and Chief Technical Officer of ArrayCo~ Inc. and President and
Chief Technical Officer of Spatial Communications, Inc.

2) I have reviewed the foregoing comments. The attached technical exhibit was prepared
under my supervision. The foregoing comments and technical exhibit are true and correct
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